Introduction
Ecological informatics (ecoinformatics) is an interdisciplinary framework for the management, analysis and synthesis of ecological data by advanced computational technology [1] . Management of ecological data aims at facilitating data standardization, retrieval and sharing by means of metadata and object-oriented programming [2] [3] [4] [5] [6] . Analysis and synthesis of ecological data aim at elucidating principles of information processing, structuring and functioning of ecosystems, and forecasting of ecosystem behaviours by means of bio-inspired computation and hybrid models [1, [7] [8] [9] [10] .
Ecological informatics currently undergoes the process of consolidation as a discipline. It corresponds to and partially overlaps with the well-established disciplines of bioinformatics and ecological modelling, but is taking its distinct shape and scope. In Fig. 1 , a comparison is made between ecological informatics and bioinformatics. Even though both are based on the same computational technology, their focus is different. Bioinformatics focuses very much on determining gene function and interaction [11, 12] , protein structure and function [13, 14] as well as phenotypes of organisms utilizing DNA microarray, genomic, physiological and metabolic data [15] (Fig. 1a) . In contrast, ecological informatics focuses on determining genotypes of populations by utilizing genomic, phenotypic and environmental data [16] [17] [18] as well as structure and functioning of ecosystems by utilizing community, environmental and climate data [19] [20] [21] [22] [23] (Fig. 1b) .
A comparison is made between ecological modelling and ecological informatics in Fig. 2 . Even though both rely on similar ecological data, they adopt different approaches in utilizing the data. Whilst ecological modelling processes ecological data top down by ad hoc designed statistical or mathematical modelling methods [24, 25] , ecological informatics infers multivariate equations and rule sets from ecological data patterns bottom up by computational techniques. The cross-sectional area between ecological modelling and ecological informatics refl ects a new generation of hybrid models that enable to predict emergent ecosystem structures and behaviours, and ecosystem evolution [9, [26] [27] [28] [29] [30] . Typically hybrid models embody biologically-inspired computation in deterministic ecological models [32] . 
Feature areas
Current research in ecological informatics focuses on four major feature areas:
understanding information processing and evolution in ecosystems, computational management of ecological data, computational analysis and synthesis of ecological data and hybrid modelling of ecological data.
Great efforts are undertaken to address feature area (1) by studying both intraspecifi c population adaptations to changing climate and habitat conditions [33] [34] [35] [36] as well as interspecifi c population relationships controlled by info-chemicals and allelopathy [37] [38] [39] [40] [41] .
Feature area (2) aims at standardised archiving of highly complex and fragmented ecological data to allow ecological data sharing. The ecological metadata language EML (http://knb. Feature area (3) is being largely stimulated by both the availability of complex ecological data including genomic and phenotypic data and the development of bio-inspired computational techniques. The study of population genomics in their natural habitats without the need for isolation and laboratory cultivation of individual species has led to the new research area of ecogenomics [18] that promises to determine the impact of environmental and climate changes on biodiversity. Bio-inspired computational techniques prove to be superior in unraveling highly complex ecological data, coping with distinct nonlinearities and inducing predictive models by learning from temporal and spatial patterns. Recknagel and Cao [42] address the state of the art of ecological informatics by artifi cial neural networks, evolutionary algorithms and object-oriented programming.
Ecological Modelling

Differential Equations
Research into hybrid modelling in feature area (4) promises ecosystem models with improved accuracy and generality. Cao and Recknagel [32] provide a case study for multi-objective optimisation of process and parameter representations in process-based ecosystem models by the embodiment of evolutionary algorithms in ordinary differential equations for food web dynamics and nutrient cycles in lakes.
Future directions
Making informed decisions on preserving biodiversity and sustainable environments in spite of pollution, eutrophication and climate change is of vital importance for the habitat 'earth' in the 21st century. Ecological informatics is challenged to contribute ecological understanding and tools for integrating, analysing and synthesising the wealth of ecological knowledge and data for making informed decision at local, regional and global scales.
It is anticipated that at the next stage, ecological informatics will distinctively focus on: (1) improved understanding of information processing in ecosystems [43]; (2) integrated analysis of genomic, phenotypic and ecological data to better understand biodiversity and ecosystem behaviour in response to habitat and climate changes; (3) integration and visualisation ecological data by GIS and remote sensing at regional and global scale [44] ; (4) facilitating data sharing by www-based generic data warehouses tailored for ecosystem categories at the global scale [45] , and (5) implementing hybrid model libraries generic for ecosystem categories at the global scale by object-oriented programming and interactive www-access. 
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